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Abstract

SYNTHESIS
Stereochemistry and Dynamic Behavion

of Some Thiocacrylamides
by
Tsegaye Tadessw

Advisor Dr., E.;Kleinpeter

Co-advisor Dr., Berhanu Abegasm

The reaction of M,N-Dimethylamides with the dimer of
p-methoxyphenylthionophosphine sulfide (Lawesson!é reagent)
gives N,N-Dimethylthioamides,f By treating these disubsti-
tuted thioamides with (i) the Vilsmeir - Haack Arnold
complex (formamide chloride) and (ii) Bis—(dimethylamino)-—
tert-butoxy methane,.modexaompounds (MeeNuGHéC(R)J —NRe)
were synthesized, ©Substitution reactions were also carried
out using these model compounds (3-aminothiocacrylamides) or
their imiaium salts with a primary amine (p~anisidine) te
synthesize the corresponding 3-anisidinothicacrylamides.
The reactions were successful and yields were nearly

quantitative.

The dynamic behaviour and the grownd state stereochemistry
of these model compounds have been studied. Based on;qH—NMR
study and LIS investigation, rotational barriers as well as
the preferred conformation of some of these model compounds:
have been determined from the proposed three dimensional

geomebries.



Introduction:

Heterocyclic compounds are very widely distributed
in nature, and are essential to life in various ways?
Many drugs, dyes, pesticides, metabolically important:

substances etc are heterocyclic compounds.

One of the fundamental requirements in the synthesis
of heterocyclic compounds with one or more heterocatoms is
the availability of suitably functionalized Starting
materials., During the past few years, many synthetic routes
which serve as suitable reactive intermediates for the
synthesis of heterocyclic compounds have been developed,
The most important methodologies in this catagory include
a. Addition of ~amines to isothiocyanateg°
b. Reaction of amines with 3-amino dithiocacrylic estersé
¢ Addition of hydrogen sulfids to 5—aminbacrylonitrileq%
d. Reaction of (substituted) thiocacetamide with dimethyl
formamide dimethyl acetal? or Bis~(dimethylamino)-

tert{(butoxy) methane§

17

€. Ring cleavage of trithiones with aminess

f. Addition of thioacetic acid to %—amino propynal?

Recently Liebscher et al9 found a new route touseries

of %-amino and 3-hydroxy thioacrylamides (1 and 2).
5
1
X—CH=C—C-NR2
1

1 X NRE
2. X = 0H
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These compounds are very reactive towards cyclization and
substitution reactions. A number of thiophene, pyrazole
etc derivatives were synthesized by Liebscher et alqo
starting from 1 and 2, This new finding being the starting
point, our main interest in this research is to synthesigze
similar reactive intermediates 3 with different alkyl and
aryl groups for dynamic NMR and stercochemical studiess

To our knowledge, prioxr to our work, there has been no
report in the literature of any attempt to study the dynamic
behaviour as well as the ground state stereochemistry of

these compounds.

R=H, . ~CHy, . ~CH,CH

Me: 8 .. Me 5 5
-...‘f"*‘ 2 i 5 P CH
N-Cde=Cm(=N cH VA
/'/ 5 1 - A 5 o,
Me R Me CHr 3 H,C~C~yPh~
/ 3T
3 CHy, cit,

The main advantage of these compounds % over the morpholino
analoges 1 and 2 is their spectroscopic properties. Due to
the complicated methylene proton peak, the morpholino
analoges 1 and 2 are not very useful for dynamic nmr and
lathanide induced shift (LIS) investigation. The relatively
simple dimethylamino nmr signals in 2 together with the

expected push pull effect (scheme 1) make these reactive



intermediates specially suitable for such studies,

. o (=)
°. " Me Me () ) T e
»N-CH=C(R)~C-NJ $ew-=3  sN=CH-C(R)=C-§"
Me e Me “Me.
\ )
Me S Me:
Y t
_ N-CH=C(R)-C=N :
Me (+)'Me
Scheme (1)

In connection with the dynamic behaviour, the ground
state stereochemistry of these compounds is the other
interesting aspect to look into i.e. determining the con

formation of

Me Me S Me- MQ* /Me
NN N’ R
N C~N ' N\, 7
- = v=ly
CEC Ple H C=
1 1 1]
HR N
Me Mer
3 2-8~Cis 3 E-S-trans
(| [}
Me: Me. N R
S A > o’
N\ }:{ , Noog
c=C"  Me e N
A S NMe” ™, .
q C-—N\ S Me
P Me: Me Me
B

é 2=B-trans
3 E~3~Cis

Schene 2
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such compounds from the proposed three dimensional geow-
metries (scheme 2) will help one in understanding the
conformation of related systems beyond reflecting the

validity of the LIS method for stereochemical studies.

2. Synthesis
2.1 Amides
Varioug methods are known for preparing
N,N—Dimethylamides, some of these methodé
includejq’/12’/]5
1.  The reaction of acid halides with dime-

thylamineqﬂ(eqo 1)

RCOCL + HNMe, —--2 RCOMMe, + HCL (eqo 1)

2. 'The reaction of carboxylic acids with
dimethyl amine (eq. 2).
RCOOH + HNMe, 37772 RCOONMe, + H,0  (eqe 2)
Eq. 2 is reversible, Therefore one needs to

remove the water continiously from the reaction:

mixture,

The disubstituted amides needed in this research
are easily synthesized from the corresponding
acid halides or anhydrides and N,N-Dimethyl

formamide > (scheme 3),



- S —

RCOCL + HCONM82 ey RCONM62 + [ﬁCOC?J

!

HC1 + CO
Scheme %

The advantage of this method over the customary pre-
parative methods (eq. 1 and 2) is that, it avoids the
somewhat objectionable dimethylamine by substitubing
N,N~Dimethyl-formamide for it. The method also has the
added advantage of easy workup as no solvent is useds,

Table 1 lists the various amides synthesized following
this synthetic method. The procedures for the préparation-
of compounds 4 and 7/ are given in the experimental sections
(Bee section 5). Compounds 5 and 6 were prepared in the

same way as compound 7.

Table 1. Data table for N,N-Dimethylamides

Compound Structure:
4 CHEOHECONMeé,
5 CHBOHECchoNMeé
[S) M520H0H200NM92
i PhCH2CONMe2
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Thiocamides

The most common procedures for the preparatiom

of thioamides are

To

Do

4°

The reaction of amides with phosphorus penta-

sulfidej4

The Willgerodt - Kindler reactionjB.

In this method aldehydes or ketones are
heated with eguimolar amounts of sulfur and an
amine under anhydrous conditions. Thiocamides:
are isolated as the principal productsi

The reaction of aldehydes or ketones with dime-
thylammonium chloride, sulfur and anahydrous
sodium acetatéj6 (A modification of Willgerodt-
reaction,)

The reaction of acylchlorides with hydrogen
sulfidej7

The reaction of amides with the Lawesson'!s re-

agenth

The dimer of p-methoxy thionophosphine 8
(Lawesson's reagent) is known for the thiation
of ketones, carbhoxamides, esters, lactones,
imides, enamines and S-substituted thiow

esters29"22



S
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%
8

The reaction of amides with 8 is claimed to be superior
to all others as in most cases quantitative yields are found.
The only problem is product isolation which is gquite tedious.
A1l the thiocamides required for this study were synthesized
by this method. Unlike the reported cases, yields were
however very low. The synthesized thiocamides are tabulated

below. Table 2. Compound & was prepared from anisole and
20

PpSg o . .

Table 2. Data table for N,N-Dimethylthiocanmides

Compound Structure
8
. 5 A .
9 GH%CNMeé
S
if
10 CHBCHECNMeE
u
i GH%CHECHécmﬂeE
S

1



Compound Btructure

5
1L

13 PhCH,,CNMe,
S .
i ,4

A4 PhOH,C~ N b

205 Thiocacrylamides

It has been known that the reaction of an active
methylene compound with a Vilsmeler complex, the
adduct of N,N-Dimethylormamide (DMF) with phosphorus-—
oxychloride or phosgen, affords N,N-Dimethylamimne

derivatives.

The Vilsmeier reagent is a cationic species re-—

garded by Arnold?5 as having the structure

(+) C = ()
Rl = CHX &m=—=mm— » RN - CHX

a5 a6

where X is a halogen (Cl or Br) atom or other electro-
negative groups such as uO,PO.ClZ, It is prepared by
treating a formamide, generally DMF, with phosgen or
phosphoryl chloride, and the reactions are believed

to proceed as follows eqg. 3 and 4.



(+)
8. MepN-CHEO + COCL, wmww P Me,N=CHW0,00CT + CL” (eqe 3)
(+) - )
Me,N=CH-O ~--3 Me,N=CHCL + CO, (eqe &)
Y
C1+C0
)

b MegNmCHO + POCl5 ————3 .MezNhCHEO—POCla + C17 (eqe 5)

The application of 15 in imino formylation reactions
. ' 24,23 . .
has been studied by Arnold et ale ? The reaction of this
. . . . 24,25
intermediate (15)with alkane amides™ ! has also been
studied and results in chlorination iminomethylation with
substitution of the carbonyl O-atom by chlorine to give

products of type 18

(+), R v p3 4 o
N7 R gl F°
77N 1 > N(+) 1 - /
T R+ RICH,CONR™ ~--% ,NeCHwG=C-N
\ ° 2 & L W~
oI ' g1 R *

12 v a8
Liebscher et al © also synthesized a number of 3-—anmino
and 3-hydroxy-thiocacrylamides by treating substituted

thicacetamides with formamide chlorides. Scheme 4,



a

th

g1 CH‘QCNRz
5
a9

sin_ () w2z
: H? R X (_Cafiﬂ YN AN t n 2

RB

lem 2 21

s 2

5 i R
~cH-on-C-I 1
4 No AcOh/H,0 RS

R5 R ¢ i 2 . t " 2
—3  HO-CH=C-C-IR,

: g ﬁj\\'

OzCHLCHLC—NRg

22

P

Scheme 4
Compounds related to 21 and 22 have also been synthesized

22454546, 7
by a number of other methodss These methods

include



Addition of amines to isothiocyama’ce520 Scheme 5,

8.a
R ,I--NCS + eNH ——me R,]NH-GS-'N'\ ------- »
R R5
R,1 H
T CH. NO R
CBCI-E (— ““““““ R1N=0—N \
~N ) R
R | Snme: 5
2 R
> 2 26
Schene: 5

b,. Addition of thioacetic acid %o 3-amino propynal.

Scheme 6

Me :
~ #  HX
N-G:C—(‘g r———
’ H
Me:

28

O 8 Me
un [LH / .

CIE, ~C=0, C-N.
57 =0’ Me
}

HEH

Schene 6.
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¢c. Reaction of (substituted) thioacetamides with dimethyl-

formanide dimethylacetal (22)5 and Bis~(dimethylamino)-
tert. butoxymethane (gg)?

8 8
. ) . ‘ . 1.
CHBCNHE._ + (CE%O)QGHNMeg =3 Mep NeCH=CH~CNH

2
22 22 24
% Me: % Me
CHBG'N:MB: + (Me:-gN)2CH-O‘G(CHi5)“3 — Me?N-CHwH-d-N(
Me -
35 26 2

d. Ring cleavage of trithiones (38) with amine (3%9) also
results in a rearranged product with loss of sulphur

to give derivatives of 3-amino thioacrylamide87(40).

$
/f e H. S ~
™~ 5 /S + 2{?)—&&1‘_—_& (; IN—GELPCH—C—Nhl P
28 22 HO:

structurally thiocacrylamides can be considered as
polyfunctional systems possessing nucleophilic pro-
perties at the thiocarbonyl sulfur and electrophilic

carbon atoms in posiition, 1 and 3.



™ CH-C (R ) ~G-N

This polyfunctionality is responsible for their re-
activity and applicability in the synthesis of many
hetrocyclic compounds. By making use of these properties,
Liebscher et alqo synthesized a number of thiophene, pyrazole
etc derivatives by treating 3-amino—- and *-hydroxy-thiocryla-
mides with alkalating agents such as dimethylsulfate, sub-
stitituted methylhalides like bromonitromethane and binu-

cleophiles such as hydrazine. Scheme: 7,

RI} R/{ R’}
3 2 N(Et) 3. A+) 9 2 hydrolysis ' 2
R2I\E—-OH’:=C—-G-NR2 f——--m-— R} N=OH-~C= G-—-NR2 === HO-CH~C~C-NR,,
g SH 8
21 20 22
+XCH.R* X R*
2 . 2
1 8
¥ R g NHNHR! P
3 NeCH-C= b2 p
Rg N= ? NR2 ‘N,ﬂf \‘NR‘; v
s
. , |
4 C}P2R4 43 5
0=CHeC=C~NR,,
t
SCH R
-\ 2
42-!4-1/ |
1 O
@' ey | i,
42 , '
b )

erig 7

o

Se
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As mentioned in the introductory part, our main
interest in this research is to synthesize compounds 3
and to study their dynamic behaviour as well as their
ground state stereochemistry. Various methods were
applied to synthesize some of the wanted thiocrylamides.

The synthesized thioacrylamides are tabulated below,

Table 3.

Table 3. Data table for thiocacrylanmides

Compound Structure
%
47 MGQNHCHhCHuGNMee
1k
4.8 Me. N—~CH=(C-CNMe
— 2 ' 2
Me
49 Pm?prH;?—CeNMeQ
ph—
N—CHw=( 2 N
0 Me Ne=UCH=G—Ce
20 DNV S
ph
s
- 0-CH=C~0-NZ B
21 HO- “'" ﬁ-~kﬂm’

ph



Structure
H S
) I
o7
~
s H s
u.

s CH=C-C-NMe:
/-Exa" . @2
)‘;__5’ ph

) e‘)g,
S

Compounds 49, 50 and 51 were synthesized by making use of

the general procedure of Liebscher et .aI?

47 and 48 by

reaction of the corresponding thioamides with Bis-{dimethyli-

amino)-tertbut oxymethane6

and compounds 52 and 53 are the

results of substitution reactions (eq. & and 7).

Mg
; Py
PIe‘EN—CH;CHi-C—NMe'E + L:: )
) B ocny
» — [ U it
Me2N—OH" ('} C NM@E + '4.\!-
!
ph = /

________ } 2‘ (eq° _6_-‘)

________ )- Z qeqo z>
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Stereochemical studies.

50/]

Dynamic NMR spectroscopy

Free rotation about a bond in a molecule may
be sterically and electronically hindered. Very
many cases consistent with these factors are
knovwire One can mention the stability of cis~trans
isomers about the C,C-double bond (very stable
conformational isomers) and restricted rotation
about a C,C-single bond (well known example of
gtropisomerism in biphenyl derivatives). I'ree
rotation about a G,C-single bond can also be
restricted by mesomeric interactions, a factor which

gives single bonds some double bond character,

Consideration of the structure of thiocacryl-
amides % suggests,to that these compounds are
representatives of push pull olefins. Due to

poggible eannonical forms (R and C), these compounds:

~are expected to show restricted rotation about

the different G,N-and C,C-partial double bonds.

Me %,—Me Ms ~ s_}ﬂe
‘hr-cm:c-c-nr .5----’9 AT=CH-G=C~Ny,
Me Me Me:
,. R : R
) (=) &

Mg = Sy
,,N«—GH:C—G—N\
Me

R
C
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Such rotational barriers can be inferred from the

temperature dependence of the compounds NMR spectra,

NMR spectroscopy has beerr widely applied for
determining rotational barriers of this kind since the
discovery of the hinderance of rotation in dimethyl-

26

formamide by Phillips, the first application of HMR

method to the study of kinetic processes,

Considering the NMR spectra of .3 at room btempe-
rature, the two methyl groups on N~5 and Ne4 are:
chemically identical but magnetically non-equivalent i.e,
in the NMR spectrum, the two groups are not equivalent
due to anisotropy of the diamagnetic susceptibility of
the thiocarbmmyl group, but rotation about the carbon-
nitrogen bond leads to "exchange" of the two methyl
groups., Under conditions of slow igomerization, this
process leads to two separate signals for the two methyl
groups in the NMR spectrum, while "fast" rotation gives
only one signal with an intermediate chemical shifts.

(Fig 1)
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Fola

Te.
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cence temerchure ). .
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For thermally induced rotations, the NMR spectra are
particularly temperature dependent in the transition
region between "slow" and "fast" rotation (Fig. 1) and
can be used to determine rate constants. The activatiom
parameters ( 4G", #HY, &s*,AEa) can then be determined
from the rate constanﬁt(kf) by classical chemical kine—~
tics, using the shape of the signal in the transitiom
region. To determine k,, several methods of evaluatiomn:

are available in practice:

1. by approximation eql,lati'onsgl7

20 by graphical evaluation of certain:spectrai
parameter828
3.. DY oomputer'matChiné of measured and calculated

29

spectra

A particularly simple situation occurs when two atoms or
groups of atoms with initially sharp signals of equal
intensity undergo chemical exchange (uncoupled AB

case)a (Figo 1)s For evaluation by approximation
equations, dynamic NMR parameters such as the line sepa-"

ration at low temperature and the coalescence temperaturerTcare
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obtained from the temperature variable NMR-spectra,  Butb
in all cases (coupled or uncoupled AB case, involving
equal or unequal population) total line shape analysis

and matching ultimately provides the most reliable method
“for determing the rate constant corresponding to a parti-
cular line shape. However for various practical reasons,
there are many instances where one wants a reasonably
accurate single vate measurement, usually then converted
to a free energy of activation barrier 4G? Of the wvarious
simplified procedures, for the uncoupled AB case of equal
population, the most widely used is the restricted

27

Gutowsky-Holm coalescence line shape relationship.

k, = jtﬁll— (eq. 8)

2

Z
1

Iine separation without exchange

ké = Tate constant

For the coalescence of the coupled AR case, (eq. 9) is valide.

2 2%
fo o (A2 61 ) (e 9)

Where J is the coupling constant between nuclei A and B,



The free energy of activation can be calculated from

the rate constant (kr) by means of the Eyring equatiom?o

k T nt , )
k = ._B_f____.-. o exp (— 4G /R{D) (GQQ 10)
T
h
kB,= Boltzman!s constant
h = Planck's constant
R = gas constant
M = absolute temperature

T/k

&G* = 4,57 T(10.%32 + log r} eal/mole (eqe 11)

The free energies of activation g}G: for the restricted
rotations about partial double bonds in the investigated
thioacrylamides (see table 3) at the coalescence temperature
are readily available from equations 8 and 11 by substituting
Tc‘aﬁdgfv for the corresponding experimentally determined

dynamic NMR parameters.

302 TLanthanide induced shift method

As mentioned in the introductory part different
conformational possibilities exist for the thioacryla—

mides, e.ge. 3. (scheme 2)



Me Me. 8 Me
cw A SR A
N C-Ny

Me:

3 (Z-S-cis)

3(E=S=cis)

H,o
e
—F Me Me:!

22 -
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et et e
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Ny
M& Me

3 (E-8~-trans)

¥/

R

N\

C/
\'GmiS

.fN\
Me Me

3 (Z~S—~trans)

One way of determining the preferred conformation of

such compounds is by using the lLanthanide induced shift

method (LIS)., DLanthanide shift reagents (ISR) have been

extensively applied for the determination of molecular

geometry of conformationally rigid compounds. With the

aid of LSR's NMR spectroscopy is now being employed to

establish the structure and stereochemistry of molecules

of such complexity that previously the use of the technique

was hampered or altogether preculded both by extensive line

overlap and by the complexity of the splitting pattern.

Two methods for the use of LSR's in molecular structure:



- 2% -

elucidation have evolved. The gualitative approach using
chemical shifts and coupling constants derived from shifted
spectra (with structural assignments being made om the basis
of available emirical knowledge) and the gquantitative
approach (reliying heavily upon the magnitudes and directions
of the shifts to confirm or reject proposed three dimensional
geometries)s. The qualitative aspects of the LSR experiments
can be sufficient to remove structural ambiguities. The
calculation involved in the quantitative procedures are
generally computerized with various correlation coefficients
being employed to assess the correspondence between computed

and obsgserved 1IS8 values.

Property wise Lanthanide shift reagents (LSR's) of the
chelate type complexes of paramagnetic rare-earth ions

with P-diketones (Fig. 2) are Lewis acids

B -
0 - G’R smhd (
T \\ o }} or dpm)
o R =R = 0(Cy),
N
- 0 Jg  foar = O(CHly) 5y RY = CTpaCT,CF

2773

Fige 2. General structure of Lanthanide shift recagents

of the chelate type.
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The action of these complexes as shift reagents
depends entirely on their ability to form labile adducts
with suitable substrates in solution. TLanthanide-~induced
shifts (BIS's) have been observed with most organic mole-
cules that contain hetroatoms with a lone pair of electrons
(Oxygen, nitrogen, sulfur, phosphorps), i.e. substrates
possessing some degree of Lewis basicity. The complexed
Lanthanide ion expands its co-ordination sphere by interaction
with the lone pair of electrons on the donor atom, there by
forming a new complex in solution. Unhder the usual experi-
mental conditions (room temperature, moderate excesgs of
substrate), the equilibrium between substrate molecules co-
ordinated to the LIS-complex and excess uncomplexed gubstrate
free in solution is a rapid process on the nmr time scale.
Only a time averaged substrate spectrum isg, therefore,
.recorded, and the observed resonance positions of the nuclei
are the concentration-weighted averages of the appropriate
chemical shifts in the free and complexed subsgstrate. Because
of the paramagnetism of the complex, the latter shifts may
be very different from the former. The overall effect is
that the substrate resonances are shifted from the normal
diamagnetic values by an amount which depends on the relative
concentration of the shift reagent and the LIS reagent. used
therefore. More than a mere displacement of spectral lines

is involved however, ¥hereas enhancement of the extarrnal
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magnetic field applied to a sample causes a linear expansion
of the spectrum leaving the relative chemical shifts

(in ppm) unchanged, the internal secondery field in a para=-
magnetic system causes a differential expansion of the
spectrum, since factors such as the distance of the nuclei
from the paramagnetic ion are important. The familiar se-

quence of signals may, therefore be altered,

Studies with transition metal complexes have revealed
that the induced paramagnetic shift may arise by one of two
mechanisms. For paramagnetic ions, which poséess unpaired
electrons, both a Fermi (contact) interaction and a dipolar
(pseudo~contact) interaction are possible i.e., unpaired
electron spins can perturb the nucllear resonmance positions of.
complexed substrates by a Fermi (contact) interactiom, a
dipolar interaction or a combination of both mechanisms,
Therefore the chemical shift of a given nucleus in the LSR- -
substrate complex relative to its diamagnetic (uncomplexed)
position (AB) can be expressed as the sum of these two con- -

tributions. (Eq. 1)

AB& ~ 4con 4 4‘sdip where {(eq. 1) écdn = the contact shift
B
dip = the dipolar or

pseudo contact
shift °

th

The LIS in resonance of the i1”" nucleus is given by (eq. 12)
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iso

& -4 r) - £ (eq. 12)
. is0o
‘Ai = isotopic (paramagnetic) shift.

Chemical shift of free substrgte

Pﬁh
TN
o
S’

]

Chemical shift of complexed substrate

. Oy
P
3
=]
S’
n

Contact or direct nuclear spin-electron spin interaction
requ%?es the presence af.a finite unpaired electron spin
density at the resonating nucleus. This may occur elither
from direct delocalization or via spin polarization. Both R
and 4 bonds may be involved in the process, although the

interagtion attenuates rapidly through a series of débondSwii

Electron-nuclear dipolar interaction is a magnetic
field effect acting through space, rather than an effect
through bonds, and it gives rise to the so-called pseudo-
contact shifts. Thus, in a complex containing several
similar nuclei i,Jeceo0o. the distribution of these shifts
can be described solely in terms of the molecular geometry
by using the simplified version of McConnel and Robertson's

formula”? (egs 13)w
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b, Stereochemistry of thioacrylamides

l.4°4 NMR results
_ The structues of thicacrylamides 47/-53 were established by Tg-mm analysise.
The 1H—NMR.results are tabulated below Tadble 3. Following the table derived
conclusions are also givene
Table 3. T5-mR parameters of thiocacrylamides 47,48,49,52 and 53
Chemical shifts( ) in ppm
Tevra 3 2,p2 T , 3 , Jd. d
Compound CNM92 H E=(R™) N--H —OCHZ Ph (GNMe.)2 H2H5(HZ) NHfHE(HZ)
47 3.27 8.03 50.20 2.93 1163 -
48 2.73 2.22 2.68 - -
o and 2.72
2.80 '
2.79
i and
t
| 2.87
! &9  3.52 6.27 7,716 3,07 - - h
 and
2,18
52 3,26 7a37 5.32 12 .62 3.70 6.62 9,0 12.0
| | ’ ” 6.85 | |
. 53 3,23 6.90 7,12 7.52  3.70  6.7% - 12.0
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1  The 1HNMR spectral characteristics of compound 435

(Table 3) indicates that the compound might exist in

the trans configuration.

H2

Both the chemical shift of

and JH are in excellent agreement with the
oz

values reported for 3-pyrrdidino thioacrylamide§2 54

ari@ 5-dimethylamino thioacrylamide55 55 for which the

trans configuration has been assigned.,

/jDN H :
Aen Me N, H
C=C, C=C
voote(s) v \gg
- BTN
‘i
54 22
JO(HLH, = 12HZ S5J(H,H,) = A2HZ
ot Holz) =

(2-H) = 5,14 ppm

&(2.H) = 5.25 ppnm

©(Me,) = 2.9 ppn

i

2. N-CH=CH-~C(8)-Nie,
A
o KJHJH -~ 9,00 HZ
3 a3 7
S(NH) = 12,62

%7
HB”NH 2184z
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Comparison of the ®(NH) value (12.62 ppm) of 52 with re-
ported ﬁ(NH) values of related compounds _§_6_22 and 2232
indicates that this compound has a strong intramolecular

5
hydrogen bond. The “Jy y (12 H%) is consistent with the.

5y
5
trans arrangement of H3 and NH groups and the JH q (9 00 BZ)

ig also in the range of cis coupling constants

H....
Hach,%P *N~<*\~ N:H"'”%%_Nfg 'Nnc S%G~NMe2
/p c ) <3(1 7??* 3:f .
H 3 i H‘ ! O, * H
Y
28 22 22.
H 5

3o /N—CH:?—C—NM@B

£

G 53
Unlike compound 52, the o(¥-H) value (7.52 ppm) of 53
is shifted to high field but the 2Jy y value (12 HZ)
indicates that the trans arrangementao'f H3 and N-H groups
is still preserved. This may be due to the stric

effect of the phenyl group which forces the C(1)-N

group out of the common plane.
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Dynamic NMR and LIS-study

4,2,1 Determination of rotational barriers
The interaction of the dimethylaming groups
of thiocacrylamides 4)/-53 with the thiocarbonyl
entity and the consequent double bond character
of C-N linkage are determined by both mesomeric
and the steric effects. The results of the
present dynamic nmr study of the investigated

thiocacrylamides are in line with these factors.

1H—NMR”SpeCtPOSCOPy gives at low temperature
two lines of equal intensity for the two C(1)-N
methyl groups of 47, 49, 52 and 53. Ve observed
the same result for the two C(3)-N methyl groups
of 47, The coalescence of tﬁese lines at a
specific temperature permits the determination of
the free energy of activation (1662) for the re-
stricted CN~ rotations. Many investigations have
shown that the values so obtained are equal to
those obtained by line shape analysis, within_
experimental error. It has also been reported
that in this kind of conformational process,iis* is
usually negligible and that bGz can be used as a
reliable measure of the barrier independent of
the coalescence temperature at which it was
determined. The AG?: values calculated by using
(eqs. 11) are tabulated below. (See Table 5).,



e

Compound

TC(8) AVE,) kc(sec_-"q)- 86 (k7 mole

’M&
c(1) @'N\

. Me
47 ~32 11,7 26 5241
48 152 - . -
49 +120 37.0 822 82.6
52 8 16.5 36,67 60.1
53 -6 41,5 92,2 5541
c(3)fn] "
Me:
47 ~40 26,5 58.9 48,7
48 <~-100 S - -
49 < 100 - - "
50 < -100 - - -
c(1) &N
20 100 70 15545 96 4
51 42 76 168.8 46,1
Table 5. Coalescence temperatures (Tc), chemical ghift

differences (&W), rate Conitants (kc) and free
energies of éctivatioﬁ'(ESG;) of the restricted
rotation about partial C,N double bonds in thiocacryl
amides 47-53.
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From Table 5, the &GO values (52.1 and 48,7 KJ/mole) for
the rotation about C(1)~N and C(3)~-N bonds of the unsubsti-
tuted thioacrylamidé 47 are nearly the same. This barrier
value is one evidence for the existence of equal parts af
mesomeric interaction of the thiocarbonyl to the vinyl as
well as amide nitrogen.

T L5

Me‘eg;CH# CH---(}'---_'l\_Tl"Iet-2 G P Me,gg-CHI:CH-(zEgMe:e

The low temperature TH-MMr of 48 and 49 indicates a
singlet for the dimethylamino groups of C(3%)-N down to
-100°C while C(1)-N dimethylamino groups of 49 coalesce at
120° showing a dramatically increased partial fouble bond
character to the amide side., This behaviour may be due to

the strong steric effect of the phenyl group which forces

e

S e
the Oq—ﬂ\ entity to be out of the common plane and hence:

limiting %ge mesomeric interaction responsible for the
restricted rotations to the amide side. This conclusion is
fur;her supported by the LIS investigation (see #4.2.2). The
existence of the C(3)-N dimethylamino groups of 48 as a

~ singlet upto +150°C and the &GF values of 50 and 51 are

additional evidences for this,.

4,2,2 Lanthanide induced shift study

The Lanthanide induced shift method was applied

for determining the preferred conformations of the
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investigated thiocacrylamides. The spectra were recorded
by incremental addition of the ISR Eu(fod)5 , 10 a
solution of the compound under study.

S

H
1. Me N—CH?CH?C—NMGE

2
&7

From 4H—NMR study (see section 4.1), compound 47
exists in the trans configuration. To determine the
preferred conformation from the remaining possible corrr
formers, i.e E-(s~cis) and E-(s-trans), LIS investigation

was carried out. The relative paramagnetic shifts (£ Eu)

are shown in Fig. 4, i.c H72H N’ » N
Me: Me:

Based on the distance dependence of observed relative
paramagnetic shifts A Eul(< r"a) in the MeConnel Robertsomn
formula (eq. 13%), 'Hi MR study{ZBJH‘H'j, and also by using

273

a model,. we assigned the E-(g-cis) conformation to compound

47,

Me. Me
"N: H
C=C Me
B Ny
N

E~(s~cis)
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Basic strength and steric hinderance are the factors
primarily responsible for the degree of binding between
shift reagent and substrate. Consequently, the magnitude
of the induced paramagnetic shift &#Fu depends markedly on

these two factors,.

The spectrum of compound ﬁg,(fig, 4) shows no change in
the isotropic shifts even at a very high concentration of
Eu(fod)g. This may be due to the absence of any coordination
between the shift reagent and substrate. This result coupled
with the dynamic behavidh of the dimethylamino groups of 49
confirms once more the strong steric effect of the phenyl

group o
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45 (pr)
Fig. 4 Charges in the chemical shift of
{H H-3
a. compound 47 and (b) compound 49 +
protons as a function of EU (fod) 4 131n

centraction in CDC13

1%

{0

oY

NP»:’L (T17)

{- Qg 1




5« Experimental

TH-R spectra were recorded at 60 MH, on a Varian

A-60 spectrometer, TMS was used as internal standard
and chemical shifts are expressed in ﬁwvalueso CDC]L5

was used as the solvent,

Dynamic NMR spectra were recorded by TESLA Bs
487 C spectrometer with standard variable temperature
probe and temperature controller.

The shift investigation was carried out by Varian
A-60 spectrometer using Eu:(fod)3 as LIS reagent. CDG]l3
was used as the solvent.

IR spectra were'recorded by Perkin-Elmer, Model
727 - B spectrometer. Values are given in cmﬁqo

Melting point (m.p) was determined by.uniumelt.

Thomas Hover capillary melting point apparatus and are

uncorrected.

%1 Synthesis of N@N;Dimethylamidés
A. W,N~Dimethylphenyl acetamide 7

A mixture of 15.7 g of phenylacetylchloride
and 15 g of N,N-Dimethyl formamide was heated
together at 1500 for four hours, Thé product was
distilled under reduced pressure and.yielded 15.2 g
of N,N-Dimethylphenyl acetamide. M.pt. 42-439G
yield 97% Lit. me.pt. 42-43°C, |
1HNMR ; 2.7 (singlet/6 protons), 3.5 (singlet/2

protons), 7.00 (sinélet/B protons),



N,N-Dimethylprorionamide 4

A mixfure of propionic anhydride, 26.4 g, N,N-Dimethyl formamide 25 g, and one
drop of concentrited sulfuric acid was heated under reflux for six hours. The mixture was then

distilled. The a.aoimt‘ of N\',N-D.i.me‘chylpropionamide was 26,45 g yield 90,5%. B.pt. 166°C/585 MMHg“
Iit. b.pt '!760/’?6,71’{1‘111%. S :
THE-NME: 1.2 (trinlet/3 protons), 2.4 (quartet/2 protons), 3.00 (doublet/6 protons).

| | TR/thinfilm |
Compound | M.pt(%C) | Bupt(°C) Tit.bupt | Yield(%) | . YR
i -G—-M‘Ieé/cnr
4 - ; 166/585. | 176/765 90.5 1650, . See. B
5 - 125/100 | 125/100 |- 89.5 : | 0.79 (triplet/3 protons)
o 1045 (multiplet/2 protons)
1645 2.1 (triplet/2 protons)
281 (dbublet/G protons)
& 141/100 | 125/100 0.9 1.2 (triplet/3 protons)
1650 2.42 (quarter/2 profons)
! * % | i | 2.98 (doublet/& protons) !
z L2ttt 91 See A

*Prepared in a similar way as compound 7,
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N, N-Dimethlthiocamides

A. N,N-Dimethylphenyl-thiocacetamide 13

4 mixture of N,N-Dimethylphenyl-acetamide 7/
(6.52 g), Lawesson's reagent §'(9.84 g) and dry
toluene (5 ml) was heated to 100% for four hourglin
a 100 ml three necked flask equipped with magnetie
stirrer and calcium chloride tube. The mixture was
allowed to cool to room temperature. The toluene was
removed by distillation and the residue was purified
on a silica gel column with Ethylacetate/petroleun
ether (10:90). Yield 69% M.pt. 78-80°C, Tit. mept.
79-80°C,
H-NMR: | 3.08 (singlet/3 protons),  3.37(singlet/3 protions)

4,2% (singlet/2 protons), 7.30 (singlet/ﬁfprotons)

By, N,N~Dimethylthioacetamide 9

A mixture of N,N-Dimethylacetamide (20 g) and 100
ml redistilled xylene was taken in a 500 ml three
necked flask. %P285 was added to the mixture by
stirring at toom temperature. Then 29 g of Na28 was
added portionwise and the mixture heated for one hour
to 7086°C. After extracting the reactiom product
with xylene several times at 80°C, the solution
was concentrated and precipitated by adding petroleum
ether. M.pt, 73-75%C. Yield 63.35%
YHNMR: . 2.64 (singlet/3? protons), 3.4 (doublet/6

protons)

X -1
IR/KBr, N-O=B/em " _ 4300
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C. Phenylthiocacetomorpholide, 14
Acetophenone (12 g), morpholine (8.7 g) and sulfur

(3.2 g) were mixed and refluxed for eight hours, and the
mixture poured into 50 ml of hot ethyl alcohol, The
crystalls of phenylthiocacetomorpholide which formed om
cooling melted at 77-79.5%. Lit. m.pt. 78-79.5%C.
Yield: 72%
bH- MR 3658 (multiplet/6 protons), 4.23 and 4,26

(triplet/2 protons).

4,25 (singlet/2 protons), 7.23 (multiplet/S protons).

Table 7. Data table for N,N-Dimethylthiocamides:

Cémpound M.pt:(%C) | %yield . 'H-NMR
9 | 775 75 | See B
240t 119 (triplet/3 protons,

2.62(quartet/2 protons); |
3+.22(doublet/6 protons) )

%iif : : 1.2(triplet/3 protons), _

. ' 18 (multiplet/2 protons),
| 2,8 (triplet/2 protons),
3.4 (doublet/6. protons).

Agp - 1.2 (doublet/6 protons),
2.4 (heptate/1 proton),
2085 (doublet/2 protons),
346, (doublet/6 protons)

98-80 | See A

m

1 77-79.5 72 See G

+Prepared in a similar way as compound 1%. -
&Very low yields.
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5.5 Synthesis of thiocacrylamides

A. 3-Dimethylamino-N,N-dimethylthiocacrylamide, 47

A nmixture of N,N-DimethyIlthioacetamide (3.1 g),
Bigw~{(dimethylamino)-tert-butoxymethane (5.22 g) was
taken in a 50 ml three necked flask equipped with a
stirrer and a reflux condenser, The mixture was
heated for one hour on a water bath, After distilling
out tert-butanol and dimethylamine from the reaction
mixture, the crude product was purified by dissolving
in OHC}:5 and precipitating with cyclohexane. M.pte
12%424%0, Lit, m.pt = 124°C, Yield 63%

'H-NMR (see Table 3).

B. 3-Anisidino-N,N-dimethylthiocacrylamide, 52

A mixture of 47, (1.58 g), 15 ml ethanol and
p-methoxyaniline (2 g) was heated to boiling for about
30 minutes, The reaction pfoduct was allowed to cool
to room temperature. The precipitated anisidino compound
was then suction filtered. Yield 73.2% M.pt. 118=120°C,
H-MR (sce Table 3).

Ce 3=Mercapto-Z2-propeniminium salts
Phosphoryl chloride (1.54 g, 0,01 mole) was added
dropﬁise to a stirred cooled solution of N,N-Dimethyl—

formamide (0,01 mole) in CCYy, (5 ml')e Then the substi-
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tuted thiocacectamide (0.01 mole) was added and the mixture was

heated to gentle boiling for 30 min.

The warm mixture was then mixed with an equal amount of
glacial acetic acid to which was added about 15 ml of
perchlofic acid. The iminimum salt was precipitated ag the
perchlorate by the addition of ether, isolated by suction and
washed with glacial acetic acid. Following this general .

procedure, the iminium salts were synthesized (see Table 8).

Table 8, Data table for Z-mercapto-Z-propeniminium salts

Compound Structure ?Mop(@C) Lit.m.pt: | Yield % .
45 q | 180-82 | 52
MGGQ ' e |
_ /N~cﬁr-c-c-N ‘
Me PhX(E)Me .
46 | 140-184 | 140-144 7
i Me(+ SH
o vas cm"c-c-nr(‘ k3
'Q ™
e Ph X _,
(=)
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D. 3-Dimethylaminopropenthioamides
Triethylamine (1,2 g, 0.012) was added to the
solution of the appropriate 3-mercapto-2-propeniminium
perchlorate (0.01 mole) in acetonitrile (10 wml), The
mixture was then diluted with water and left for some
days. The precipitated product was then isolated by

suction,

Table 9, Datattable for 3-dimethylaminopropenthiocamides

Compound| M.P(°C) |Lit.m.pt | Tield% TH-mmR
49 76-79 - 71 See Table 3
50 107-108 | 107-108 o 2,75 (doublet/6
protons).

3,75 (multiplet

6,00 (singlet/1
proton)

7,00 (singlet/5
protons)

E. 3~-Hydroxypropenthiomorpholide

A mixture of 3-~Dimethylaminopropenthiomorpholide
(2,76 g), glacial acetic acid (7 ml), and water (7 ml)
was heated to boiling for 5 minutes and the solution then
diluted with water (50 ml). After the resulting oily
product has solidified it}was isolated by suction and

dried., Yield 79% M.pt. 129-1309¢ Tit.m.pt = 129-1%0°¢C
qHéNMR: 3.5 (triplet.4 protons), 2.73 (triplet/4 protons),
7(singlet/1 proton), 7.2(doublet/5 protons),.

TR/%Br, OH/cu™ | = 3110
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3-Anisidino-N,N=Dimethyl-2-phenylthicacrylamide, 53
A mixture of 45 (3.%4 g), 15ml ethanol and
p-methoxy-aniline (2 g) was heated to boiling for
about 15 minutes, The reaction product was allowed
to cool to room temperature., The precipitated ani-

sidino compound was then suction filtered. Yield

82% M.p. 137-139°C

NMMR: See Table 3.

Table 10. Data table for thiocacrylamides 47-53

Compound™ M.P(°C)  %¥ield

47 123124 63
ﬂ-l-

49 76-~79 71
50 107-108 P4

21 129-130 79

52 118-120 7342

25 157-139 82

+Prepared in the same way

as compound 47
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